Introduction
Since the development of radar systems, extensive researches have been conducted on the detection and the identification of radar targets. In military context, these targets are often stealthy to assure their security. This can be provided by using composite materials, absorbing electromagnetic waves in usual radar frequency bands. Consequently, studies are involved in lower frequencies. These frequency bands correspond to the resonance region for object dimensions of the same order as electromagnetic wavelengths. Therefore, the fluctuation of the energy scattered by the target is significant and resonance phenomena clearly appear in this region. In this paper, we propose to show, with the example of a perfectly conducting (PC) rectangular cavity, how resonances of a target depend on its dimensions and that these resonances have two origins: external resonances corresponding to creeping waves on the surface of the target and internal resonances corresponding to possible cavity waves. Internal resonances are usually stronger than external resonances [1] , then we propose to use internal resonance parameters of air-intakes for the identification of aircrafts.
Resonance parameters of a PC rectangular cavity
A radar target is illuminated in far field by an incident broadband signal which includes resonant frequencies of the target. In the time domain, the scattered transient response in the late time is due to resonance phenomena of the target. The resonant behavior of the late time is characteristic of the studied target and can be used to define a method of identification.
Extended studies have been performed to extract these resonances, mainly the Singularity Expansion Method (SEM) [2] which provides a convenient methodology to describe the electromagnetic response of various scatterers (e.g. aircraft, antennas): The late time response is approached by a finite sum of damped sinusoids
Conversely, the Laplace transform of the equation (1) gives the transfer function H(s) corresponding to the sum of pairs of complex conjugate poles in the complex frequency plane
where M is the total number of modes of the development, s is the complex variable in the Laplace plane. For the m th singularity, R m is the residue associated to each natural pole s m = σ m + jω m . The imaginary part, ω m , is the resonance pulsation. The real part, σ m , is negative, indeed corresponding to a damping coefficient due to losses on the surface and, eventually, inside dielectric targets.
The main advantage of using such natural poles for the discrimination of targets is that only 3 parameters {ω m ; σ m ; R m } are required to define each resonance mode. Furthermore, in a homogeneous medium, the mapping of natural poles {ω m ; σ m } is independent of the target orientation relatively to the excitation. Among the whole set of possible natural poles, only a few of them appreciably contribute to the target response and are thus sufficient to characterize a radar target [3] . In general, the contributing natural poles are those closest to the vertical axis.
Now, in order to distinguish external and internal resonances, we present results for a perfectly conducting rectangular cavity studied in free space, in the frequency range [50MHz ; 685MHz]. The studied rectangular cavity is presented in figure 1 and its characteristic dimensions are given in figure 2. The expected natural pulsations of resonance of the rectangular cavity are given in figure 2 . The natural pulsations of resonance corresponding to the modes of the cavity are given by equation (3).
where and µ are respectively the permittivity and the permeability of the medium inside the cavity; and with m = 0, 1, 2, ... ; n = 0, 1, 2, ... ; p = 1, 2, 3, ... ; m = n = 0 being excepted.
The three cavity modes, ω 011 , ω 012 and ω 013 , are the only possible internal resonances in the frequency band of investigation, with such dimensions of the target and such orientations of the electric field E and the slot. The four other expected natural pulsations of resonance, ω s , ω hw , ω hd and ω wd , correspond to creeping waves on the perfectly conducting surface of the cavity and are given by equation (4) .
(ω r ) x ≈ 2πc P x with c: speed of light (4) x being the path travelled by the wave over the surface. These four natural pulsations correspond to characteristic dimensions P s , P hw , P hd and P wd .
We propose to compare results of this rectangular cavity with results of a PC rectangular box of same characteristic dimensions and studied in the same configuration. Figure 3 shows the comparison between the modulus of the transfer function | H(s) | of the reference cavity (solid line) and the PC box (dashed line). The cavity response presents narrow peaks of resonance occuring at natural pulsations of each cavity mode, ω 011 , ω 012 , ω 013 . We can see another peak of resonance occuring near to the natural pulsation corresponding to the resonance of the slot (ω s ). In the same way, the box response presents some peaks of resonance. However, these peaks are wider than those of the cavity, and consequently the quality of resonance, defined by Q m = − ωm 2σm [4] , is lower for the conducting box than for the cavity. Figures 4 compare the mapping of natural poles of the cavity and the box, in one quarter of the complex plane (σ < 0 and ω > 0), because poles have a negative real part and are complex conjugate. We can see that pulsations of resonance of the poles of the cavity numbered '1','2' and '3' correspond accurately to the pulsations of the cavity modes (see figure 2) . Indeed, these three pulsations of resonance coincide with the narrow resonance peaks of the cavity response. Thus, these three poles have very low damping factors |σ m | and correspond to a high quality of resonance Q m . Next, we can see that the resonance pulsation of the pole numbered '4' corresponds to the resonance pulsation ω s of the slot. This pole has a higher damping factor |σ m | and thus a lower quality factor Q m than poles '1', '2' and '3'. Indeed, the peak of resonance occuring at the resonance pulsation of the slot ω s is wider than other peaks. Finally, we can see that natural poles of the cavity numbered '5', '6', '7' and '8' are very close to natural poles of the box. Consequently, we can state that these four poles correspond to creeping waves on the surface of the perfectly conducting cavity. Following equation (4), these natural poles depend on various perimeters of the target given in figure 2 . For example, the pole numbered '5' can correspond to both characteristic perimeters: P hd or P wd . The three other poles appear to correspond to harmonic poles which mainly depend on dimensions h and d. 
Application to resonances of air-intakes of aircrafts
A complex shape target as an aircraft can often be modeled as a combination of canonical objects (figure 5), with resonances corresponding as well to canonical objects (here: cylinder, cone, three triangular wings and two cylindrical cavities) as structures created by the assembly of these canonical objects (for instance: dihedral created by the junction between each wing and the cylinder) [4] . Indeed, air-intakes of an aircraft are cavities which can exhibit strong resonances for suitable frequency bands. Thus, we propose to use their internal resonance parameters to characterize aircrafts. Results of this study will be presented. 
